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,QWURGXFWLRQ
2QHSRVVLEOHPHWDDUFKLWHFWXUHIRUV\VWHPVRIV\VWHPVFRQVLVWVRIWKHELQDU\SUHVHQFHRUDEVHQFHRIWKHSRWHQWLDO
SDUWLFLSDWLQJ V\VWHPV DQG WKHLU ILUVW RUGHU LQWHUIDFHV  $Q 6R6 PDQDJHU¶V HVWLPDWHV RI VFKHGXOHV DQG FRVWV IRU




6R6 DUFKLWHFWXUH HYDOXDWHG DJDLQVW VHYHUDO GHVLUDEOH DWWULEXWHV ZLWK UHDVRQDEOH RIIHUV RI IXQGLQJ DQG GHVLUHG
VFKHGXOHWRWKHLQGLYLGXDOV\VWHPVWKDWIRUPWKH6R67KHPDLQSDUWRIWKHPRGHORIWKLVDUFKLWHFWXUHLVDVLPSOH
ELQDU\SDUWLFLSDWLRQVWULQJ
,Q DQ DFNQRZOHGJHG 6R6 WKHUH LV QR HQIRUFHDEOH PDQGDWH IRU WKH V\VWHPV WR FRRSHUDWH LQ WKH 6R6 YLVLRQ
)XUWKHUPRUHHDFKV\VWHPPD\EHDVVXPHGWREHEHWWHU LQIRUPHGRQ WKHLURZQFDSDELOLWLHVDQGSUREOHPV WKDQ WKH
6R6 PDQDJHU WKH\ ZLOO OLNHO\ KDYH GLIIHUHQW FRQFHSWV RI WKH VFKHGXOH DQG IXQGLQJ WKH\ ZLOO UHTXLUH DQG
SHUIRUPDQFH WKH\PLJKWEHDEOH WRSURYLGH WR WKH6R6 8VLQJDYDULHW\RIDJHQWEDVHGQHJRWLDWLRQPRGHOVZLWKD
UDQJHRIZLOOLQJQHVVWRSDUWLFLSDWHGLIIHUHQWUHVXOWVIRUWKHDFKLHYDEOH6R6DUFKLWHFWXUHPD\HPHUJH
1.1. Acknowledged SoS 
$QDFNQRZOHGJHGV\VWHPRIV\VWHPV6R6FRQVLVWVRILQGHSHQGHQWV\VWHPVWKDWFRRSHUDWHIRUDKLJKHUSXUSRVH
E\FRQWULEXWLQJVRPHRI WKHLUFDSDELOLWLHV WR WKH6R6 7KHRULJLQDOPLVVLRQVDQGSXUSRVHVRI WKH V\VWHPVXVXDOO\
FRQWLQXH DQG WKH 6R6 SXUSRVHPD\ KDYH D ORZHU SULRULW\ WKDQ D FRQVWLWXHQW V\VWHP  +RZHYHU WKH 6R6 FRXOG
SRWHQWLDOO\GHOLYHUVLJQLILFDQWO\KLJKHUSHUIRUPDQFHWKDQWKHV\VWHPVFRXOGDFKLHYHE\DFWLQJLQGHSHQGHQWO\7KH
6R6 W\SLFDOO\ DFKLHYHV WKLV KLJKHU SHUIRUPDQFH E\ LPSURYLQJ WKH LQWHUIDFHV RU LQWHURSHUDELOLW\ EHWZHHQ WKH
LQGLYLGXDOV\VWHPV'HVLUHGFKDQJHVDUHPLQRUDGGLQJXSWROHVVIXQGVRUWLPHWKDQDQHZGHGLFDWHGV\VWHPZRXOG
UHTXLUH,IWKLVZHUHQRWWKHFDVHFUHDWLQJDQHZV\VWHPZRXOGEHWKHZD\WRDFKLHYHWKHSXUSRVH)RUD6R6ZKHUH
WKH LQWHUIDFHV EHWZHHQ V\VWHPV DUH DFKLHYHG WKURXJK FRPPXQLFDWLRQ OLQNV RU WUDQVSRUWDWLRQ KXEV WKHUH LV DQ

















406   Louis Pape et al. /  Procedia Computer Science  28 ( 2014 )  404 – 411 
2.1. SoS architecture attributes  
,QRUGHUWRSUHIHURQHDUFKLWHFWXUHWRDQRWKHURQHPXVWPHDVXUHWKHPDJDLQVWVRPHFULWHULD$WWULEXWHVRID6R6





VHOHFWHG DV DQ LQLWLDO FRPSURPLVH IRU WKLV UHVHDUFK  7KH QRUPDOZD\ WR VHOHFW WKH DWWULEXWHV DQG WKHLU LQGLYLGXDO












2.1.3. Developmental Flexibility 
7KLV DWWULEXWH LV DVVRFLDWHG ZLWK WKH V\VWHP EHLQJ D VLQJOH VRXUFH IRU DQ\ FDSDELOLW\  ,I WKH DUFKLWHFWXUH KDV
PXOWLSOHV\VWHPVSDUWLFLSDWLQJWKDWFDQEHWKHVRXUFHRIHDFKFDSDELOLW\ WKHIOH[LELOLW\LVJRRG ,I WKHDUFKLWHFWXUH
KDVYHU\IHZRQHRUQRV\VWHPVWKDWFDQSURYLGHDQHFHVVDU\FDSDELOLW\WKHQWKHIOH[LELOLW\LVSURJUHVVLYHO\ZRUVH
2.1.4. Operational Robustness 
'XHWR WKHQDWXUHRIDQDFNQRZOHGJHG6R6VLQFH LQGLYLGXDOV\VWHPVFRQWLQXH WRIXOILOO WKHLURULJLQDOPLVVLRQV
WKH\PD\QRWEHDYDLODEOHWRVXSSRUWWKH6R6RQDQ\SDUWLFXODUGD\,QYLHZRIWKLVDPRUHUREXVW6R6ZLOOFRQWLQXH
WRKDYHPRVWRILWVSHUIRUPDQFHFDSDELOLW\LQVSLWHRIQRWKDYLQJDV\VWHP2QHFRXOGREYLRXVO\WDNHWKLVIDUWKHUEXW
IRU WKLV HIIRUW WKHPD[LPXP ORVV RI 6R6 SHUIRUPDQFH IURP WKH ORVV RI HDFK RQH RI WKH SDUWLFLSDWLQJ V\VWHPV LQ
VXFFHVVLRQLVDVVRFLDWHGZLWKWKHUREXVWQHVVRIWKHSURSRVHGDUFKLWHFWXUH
X1 X12 X13 … X1i X1j … X1m
X2 X23 … X2i X2j … X2m
X3 … X3i X3j … …
… … … … …






1 1 1 … 0 1 … 1 System1
1 0 … 1 1 … 1 2
0 … 1 0 … 1 3
… … … … …
feasible 1 0 … 1 i
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0XOWLREMHFWLYHRSWLPL]DWLRQXVLQJJHQHWLFDOJRULWKPZLWKIX]]\ILWQHVV








WKH DGYDQWDJHV RI WKH),6 DSSURDFK LV WKDW QRUPDOO\ WKH UXOHV FDQ EH H[SUHVVHG VLPSO\ LQ(QJOLVK DQG H[SODLQHG
HDVLO\WRWKHVWDNHKROGHUVDQGGHFLVLRQPDNHUV

3.1.1. Membership function definitions 
7KHPHPEHUVKLS IXQFWLRQV VKRZ WKHPDSSLQJRI UHDOZRUOGYDOXHV WR WKH IX]]\YDULDEOHV 7R DYRLG DOORZLQJ









WKH PHPEHUVKLS IXQFWLRQ HGJH YDOXHV ZRXOG EH WDNHQ IURP LQSXWV RI WKH VWDNHKROGHUV DQG HQYLURQPHQW  ,W LV
SRVVLEOHWRVHWWKHPHPEHUVKLSIXQFWLRQVVRWKDWQRDUFKLWHFWXUHLVDFFHSWDEOHRUVRWKDWDOPRVWDOODUHDFFHSWDEOH


















FKURPRVRPHV DW WKH WRS RI HDFK TXLQWLOH DUH NHSW IRU SURSDJDWLRQ WR WKH QH[W JHQHUDWLRQ  7KLV LV D PRGLILHG
WRXUQDPHQW VHOHFWLRQ SURFHVV WKH ORZHU SHUIRUPLQJ FKURPRVRPHV KHOS LQVXUH WKH SRSXODWLRQ GRHV QRW EHFRPH
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4.1.1. Intelligence, surveillance and reconnaissance (ISR) SoS in a Gulf War scenario 
'XULQJ WKH *XOI :DU WKH 86 IOHZ RYHU  VRUWLHV XQVXFFHVVIXOO\ VHDUFKLQJ IRU DERXW  6FXG PLVVLOH
ODXQFKHUVKLGLQJLQDERXWVTNPRIZHVWHUQ,UDT7KH,UDTLVODXQFKHGDQDYHUDJHRI6FXGVSHUGD\IRU
 GD\V  7KH H[LVWLQJ ,65 DQG VWULNH V\VWHPVZHUH LQDGHTXDWH WR SURVHFXWH WKHPLVVLRQ DQG WKHUH LV D ERG\ RI
UHSRUWLQJRQLW,WLVSRVVLEOHWKDWD6R6FRXOGKDYHSHUIRUPHGEHWWHU$SRVWXODWHGLIVOLJKWO\DQDFKURQLVWLF6R6
PRGHOFRQVLVWLQJRIV\VWHPVRIHLJKWW\SHVZLWKILYHPDMRUFDSDELOLWLHVLQFOXGLQJ,5HTXLSSHGDQGUDGDUPDSSLQJ
ILJKWHUV UHPRWHO\ SLORWHG YHKLFOHV -67$56 '63 DQG 8 FRQWURO VWDWLRQV H[SORLWDWLRQ FHQWHUV FRPPDQG DQG
FRQWURO FHQWHUV OLQH RI VLJKW DQG EH\RQG OLQH RI VLJKW FRPPXQLFDWLRQV V\VWHPV LV WHVWHG ZLWK D VLPSOLILHG
SHUIRUPDQFHDOJRULWKPIRUWKLVVFHQDULR7KLVGRPDLQZDVVHOHFWHGEHFDXVHLWLVVWLOOLQWHUHVWLQJDQGXVHIXOWKHUHLV
DERG\RIZRUNDQDO\]LQJLWDQGLWLVROGHQRXJKWKDWUHDVRQDEOHHVWLPDWHVRIWKHGDWDDUHXQFODVVLILHG







KLJK VSHHGYHKLFOHV ORZVSHHGYHKLFOHV DQGFRPPXQLFDWLRQV 7KH V\VWHPV LQFOXGHGFXWWHUVKHOLFRSWHUV ILVKLQJ
YHVVHOV8$9VDVVRFLDWHGZLWKWKHILVKLQJYHVVHOVFLYLOLDQOLQHUVDQGFRPPXQLFDWLRQVV\VWHPVVRPHRIWKHV\VWHPV
LQFOXGHGDVPDQ\DVQLQHRIWKHFDSDELOLWLHV
4.2. SoS proposed architecture solutions from the fuzzy GA 
8VLQJDGMXVWDEOHSDUDPHWHUVIRUWKHQXPEHURIFKURPRVRPHVLQWKH*$SRSXODWLRQWKHQXPEHURIJHQHUDWLRQV
WKH VWUHQJWK RI SHQDOW\ IRU XVLQJ LQIHDVLEOH LQWHUIDFHV DQG E\ MXGLFLRXV FKRLFH RI UHDVRQDEOH HGJHV IRU WKH
PHPEHUVKLSIXQFWLRQWKHIX]]\*$PRGHOSURGXFHGFDQGLGDWH,65DQG6$5DUFKLWHFWXUHVVXFKDVWKRVHVKRZQLQ
)LJXUH7KHXSSHUWULDQJXODUIRUPLVGLVSOD\LQJDQH[DPSOH,65FKURPRVRPHZLWKDFRORUHGEORFNIRUHDFK³RQH´





$ NH\ IHDWXUH RI WKH IX]]\ *$ LV WKDW QR KHXULVWLFV ZHUH XVHG WR QDUURZ WKH VHDUFK VSDFH LQ WKHVH HDUO\
H[SHULPHQWV$OOWKH*$VHOHFWLRQSRZHUDULVHVIURPWKHILWQHVVIXQFWLRQFRPELQLQJWKHDWWULEXWHDVVHVVPHQWV
 






















QXPEHU RI QHJRWLDWLRQ F\FOHV DOORZHG EHWZHHQ WKH V\VWHPV DQG WKH 6R6 PDQDJHU PD\ EH VHOHFWHG DORQJ ZLWK
QXPHURXV RWKHU LQWHUQDO SDUDPHWHUV ZLWK HDFK QHJRWLDWLRQ PRGHO  7KH LPSOHPHQWHG LQGLYLGXDO V\VWHP PRGHOV
LQFOXGHFRRSHUDWLYHVHOILVKDQGRSSRUWXQLVWLFDSSURDFKHVDVVKRZQLQWKHXVHULQWHUIDFHLQ)LJXUH
7KHLQGLYLGXDOV\VWHPSURJUDPRIILFHVLQYLWHGWRSDUWLFLSDWHLQWKH6R6PD\QHJRWLDWHZLWKDUDQJHRILQWHUQDO






EXW GHOLYHUV DERXW  PRUH SHUIRUPDQFH  7KH DWWULEXWHV RI IOH[LELOLW\ DQG UREXVWQHVV DUH DOPRVW HQWLUHO\
SDUWLFLSDWLRQGULYHQVRXQOHVVWKHV\VWHPUHPRYHGLWVHOIHQWLUHO\SRVVLEOHEXWQRWVHHQLQWKHVHFDVHVWKHUHZHUHQR
LPSDFWVRQWKRVHDWWULEXWHV
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&RQFOXVLRQVDQGVXJJHVWLRQVIRUIXUWKHUUHVHDUFK
7KHVH UHVXOWV DUH SURPLVLQJ LQ OLJKW RI KRZPXFK W\SLFDO 6R6 FRVW  7KHPRGXODU DSSURDFK WR WKLVPRGHOLQJ
HIIRUWSDLGUHDOGLYLGHQGVWKURXJKDQDELOLW\WRVXEVWLWXWHGLIIHUHQWDSSURDFKHVIRUWKHYDULRXVSDUWVRIWKHSUREOHP
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